(Major Professor)
Some of these substituted-naphthols hav.e been prepared by other methods which are time consum~ng, tedious, or inadequate in terms of yields.
The synthesis of the substituted naphthols involved three steps which are shown in the following schematic series:
. (11 The £-substituted-benzaldehyde was converted to the lr-o-substituted-phenylparaconic acid which in turn was heated or treated with a catalyst. The latter operation permitted the decarboxylation of thẽ -£-substituted-phenylparaconic acid and the subsequent formation of the C(-£-substitute~-phenylisocrotonic acid. The ¥-o-substitutedphenylisocrotonic acid was cyclized to an acetyl deri~ative which was easily hydrolyzed to the desire'd naphthol.
II. HISTORICAL
The historical section will be discussed under the following headings: (a) Preparation of y-~, or £-substituted-phenylparaconic acids and lr-£, or £-substituted-phenylisocrotonic acids. (b) Preparation of 5-and 7-ha1o-1-naphthols.
Preparation of 1(-£,~E-substituted-pheny1paraconic Acids and
The synthesis of cinnamic acid and its analogs by, the interaction of an aromatic aldehyde with an acid anhydride in the presence of a salt of an acid was first reported by Perkin in 1868 (1).
In 1883, Fittig and Jayne (2) found that if benzaldehyde was allowed to react with succinic anhydride and sodium succinate at 100°C,.
the product was~-phenylparaconic acid. Furthermore, they observed that on heating o-phenylparaconic acid, carbon dioxide was lost and the (3,?f -unsaturated aCid, ." "'phenylisocrotonic acid was formed.
The latter compound was also reported by Perkin when the above, reaction was conducted at lSO°C (3,4). An excellent paper on the re~investigation of the reaction of the sodium succinate with some aromatic aldehydes was published in 1960, by G. M. Anteunis (12) . A new technique was described by this investigator which increased the yield of the 1r-pheny1paraconic acid to 85%. He also found that it was better to prepare cr-pheny1-paraconic acid first., and then convert it into }f -pheny1isocrotonic· acid in a separate step, rather than to carry out the preparation of the lr-pheny1isocrotonic acid directly by allowing sodium succinate and benzaldehyde to react at a higher temperature.
In 1964, Oda, Kawabata, and Tanimoto (13) were able to obtaiñ -E-ch1oropheny1isocrotonic acid in 55% yield via the reaction of -ch1orobenza1dehyde, and the y1ide (14) , 0 3 P=CHC Hz ceOEt.
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Preparation of 5-and 7-ha1o-1-naphthols.
The earliest report of the synthesis of 5-or 7-ha1o-1-naphtho1
was by Erdmann and Kirchhoff (15) in 1888. They demonstrated that on heating £-, or E-ch1oropheny1paraconic acid rapidly to a higher temperature, 5-or 7-ch1oro-1-naphtho1 was prepared.
In 1949, Louis Fieser (16) prepared E-ch1oropheny1paraconic acid according to the method of Erdmann, et. al. Distillation of the crude product resulted in a 22% yield of 7-chloro-l-naphthol.
A rather interesting method was employed by Beech and Legg (17) in the synthesis of 7-chloro-l-naphthol. They were able to convert 8-nitro-2-aminonaphthalene to 7-chloro-l-nitronaphthatene via the Sandmeyer Reaction and then to the naphthol compound by red~ction of the nitro compound, followed by diazotization of the aminonaphthalene. (19) demonstrated that 7-chloro-l-naphthol could be prepared'by the cyclization of a 1r-E~chlorophenylbutyric acid to the 7-halo-l-tetralone, followed by bromination and dehydro-.
bromination of the intermediate. . ĨD The 7-ch1oro-1-naphtho1 was also made starting, with the~-chlorobenzaldehyde. of 5-bromo-l-naphtho1 involving the bromination of I-nitronaphthalene, reduction of the nitro compound to 5-bromo-I-aminonaphthalene, diazotization of the amino compound and thence to the product in 41% yield.
An elegant paper on the synthesis of a, or~-fluoronaphthalene derivatives is that of Adcock and Dewar (27) . These investigators reported that 7-fluoro-I-naphthol' could be prepared by the foll~ing route (28,29):
The 5-iodo-1-naphthol was synthesized by Scholl X =F, Cl, Br, I, N0 2
The procedure followed was essentially that of C. Fuson (7) with slight modification. The data is shown in Table I . In the preparation of each paraconic acid, an intractable tar was obtained as a by-product. No attempt was made to isolate or identify any product from the resinous material.
As the reaction time was reduced from either six or five hours to three hours in the synthesis of ¥ -~-fluoro or~-~-bromophenyl paraconic acid, the yield was increased. In the case of the lr-o-nitrophenylparaconic acid, the yield was rather mediocre even at the three hour period. No additional experiments were conducted to determine if the reaction time could be shortened to improve the yield.
One may interpret the difference in yields between the lr-o-halophenylparaconic acid, and 1r-2 -nitrophenylparaconic acid as due to steric effects (31) . The steric effects decrease, in the order N0 2 , I, Br, Cl, and F. Therefore, the nitro substituent would offer the most steric strain or steric hindrance which may account for the lower yield.
Decarboxylation of~-o-substituted-phenylparaconicacid.
Paraconic acids are known to be susceptible to decarboxylation (32) . Fittig (33) * o-£-Ch1oropheny1paraconic acid was distilled at reduced pressure with a rapid increase in temperature.
Decarboxylation of )r-£-ch1oropheny1paraconic acid was carried out under, both, thermal and acid-catalyzed thermal conditions at various temperatures as shown in Table III and Table IV 
40.5%
The entire operation • isomerization, cyc1ization and hydrolysis was carried out in the same reaction vessel; thereby, reducing the isolation problem.
o-Bromobenzaldehyde Diacetate
This compound was prepared by the method of Tsang and Wood (43) .
In a three liter, three-necked, round bottom flask eq~ipped with a mechanical stirrer and a thermometer, and surrounded by an ice bath, were placed one liter of glacial acetic acid, one liter of acetic anhydride, and 120 ml of concentrated sulfuric acid. When the solution was cooled to O°C, 100 g (70 ml) of £-bromotoluene was added. After the solution reached a temperature of 5°, 170 g of chromium trioxide
was added slowly at such a rate that the temperature did not rise above 10°C; about two hours were required for the addition. Stirring was continued for five hours after the chromium trioxide had been added.
The reaction mixture was added to a crock that was one-half full of ice.
The residue in the flask was washed out with ice water and the washings were added to the crock. When all the product had been transferred from the flask to' the crock, the contents were stirred vigorously for 25-30 minutes. The reaction mixture was cooled in the refrigerator overnight. The product was filtered and washed with ice-cold water.
The crude product was allowed to air dry and then recrystallized from 
o -o-Nitrophenylparaconic Acid
The 0-2-nitrophenylparaconic acid was prepared from 10.0 g (0.1 mole) of succinic anhydride, 9.0 g (0.11 mole) of freshly fused sodium acetate and 16.6 g (0.1 mole) of t-2-nitrophenylparaconic acid.
The procedure followed was essentially that used to prepare C(-2-chlorophenylparaconic acid with the same modification as noted. in thepreparation of ()-~-fluorophenylparaconicacid. Y~~~d, 10.6 g (38.3%). at 225°C afforded a light yellow oil which solidified on standing.
The crude material was dissolved in ether and extracted repeatedly with saturated sodium bicarbonate solution until the sodium bicarbonate solution gave no cloudiness upon acidification.
Extraction of the ethereal solution with 5% potassium hydroxide, followed by acidification yielded no napht~ol derivative. 
Determination~f molecular weight of )(-o-Ha1opheny1isocrotonic Acid
The~-£-ha1opheny1isocrotonic acid was dissolved in 2 ml of ethanol and 25 m1 of deionized water, and titrated with sodium hydroxide solution, using phenolphthalein as the indicator. After this period, 54 m1 of 5% sodium hydroxide was introduced, and the mixture was ref1uxed for an additional fifteen minutes. Due to the fact that the mixture was still acidic (pH fV 6), 21 ml of 30% sodium 
Cyclization of ¥-o-Iodophenylisocrotonic Acid
A 100 ml flask containing 1.0 g of~-2-iodophenylisocrotonic acid, 0.28 g anhydrous sodium acetate, and 6 ml acetic anhydride was refluxed in an oil bath at 150°C for thirty minutes. During this time the reaction mixture was i~radiated with U.V. light. 26 ml of 5% sodium hydroxide and 8.5 ml of 30% sodium hydroxide were employed for the hydrolysis. The work-up and isolation were the same as that described for the cyclization of~-o-ch1orophenylisocrotonicacid. The attempted cyclization of the trans )r-£-halophenylisocrotonic acid by refluxing with sodium acetate and acetic anhydride, gave negative results. Isomerization of the trans acid to the cis acid by ultra-violet irradiation, followed by refluxing with sodium acetate and acetic anhydride, afforded the cyclized product, l-acetoxy-5-halonaphthol. The latter compound was easily hydrolyzed to the 5-halo-l-naphthol in good yield.
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